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scale (WOMAC)Abstract Background: Vitamin K is necessary for the functional activation of vitamin K depen-
dent proteins via gamma-carboxylation process. These proteins are present in bone and cartilage
beside their participation in coagulation cascade.
Aim of the work: This study aimed to assess plasma vitamin K1 (phylloquinone) concentrations
in primary early osteoarthritis (KOA) patients and to correlate these levels with clinical parameters
and radiological progression using plain radiography and musculoskeletal ultrasound (MSUS).
Patients and methods: We measured baseline vitamin K1 in the plasma from 40 early KOA
patients and from 20 healthy controls. In the patients, numerical rating scale of pain (NRSP)
and The Western Ontario McMaster scale (WOMAC) were recorded. The Thomas grading score
and MSUS examination were performed at baseline and after 12 months to assess radiological pro-
gression.
Results: The KOA patients had a mean age of 50.4 ± 4.9 years, 36 females: 4 males and had a
disease duration of 12.7 ± 5.7 months. In KOA patients plasma vitamin K1 levels (1.6 ± 0.9 nmol/
l) were highly signiﬁcantly decreased compared to healthy control (2.04 ± 0.7 nmol/l) (p< 0.05).
In KOA patients, the plasma levels of vitamin K1 signiﬁcantly correlated with baseline medial con-
dyle cartilage thickness (r= 0.46, p< 0.05), and vitamin K deﬁciency had a signiﬁcantly increased
risk of radiological progression as assessed by MSUS (p= 0.004) (twofold increased risk, RR 2.08).
Conclusions: Knee osteoarthritis patients have signiﬁcantly decreased plasma levels of vitamin K
that was remarkably associated with radiological progression of early disease suggesting that it could
be a useful marker to reﬂect OA severity and implies a possible role in the disease pathogenesis.
 2016 Egyptian Society of Rheumatic Diseases. Publishing services provided by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Osteoarthritis (OA) has been found to affect the whole joint as
pathological abnormalities are not only conﬁned to cartilage
destruction and bone remodeling but also include low grade
synovitis, lax ligaments, periarticular muscle weakness and
neurosensory system affection [1]. These features lead to devel-
opment of manifestations such as pain, muscle weakness, and
limited mobility and may progress over time to functional
disability [2]. In Egyptian patients with knee OA (KOA) many
factors play a role in the disease pathogenesis including cytoki-
nes [3], oxidative stress [4]. Vascular endothelial growth factor
was remarkably associated with the radiological changes of
KOA [5] and osteopontin served as another biomarker of
disease severity and was predictive of the disease [6] and radi-
ological progression [7].
Vitamin K represents a family of related molecules that
have a common structure and carboxylation activity. This
family includes three compounds: vitamin K1 (Phylloqui-
none) that is found in food from plant origin, vitamin K2
(Menaquinone) that is of a bacterial by-product origin and
is found in fermented products and vitamin K3 (Menadione)
that is a synthetic compound found only in dietary
supplements [8]. About 17 vitamin K-dependent proteins
or c-carboxyglutamate (Gla) proteins are known and their
activation is carried out by gamma carboxylation of their
glutamate residue mediated by vitamin K [9]. Most of vita-
min K dependent proteins are involved in the coagulation
cascade and the function of some of them is still unknown
[10]. However, some are constituents of bone and extracellu-
lar matrix such as osteocalcin (OC), matrix Gla protein
(MGP) and growth arrest speciﬁc gene 6 protein (Gas 6)
and they act as a regulator of bone mineralization and
calciﬁcation of soft tissues as well as stimulation of cell pro-
liferation [8,11]. Deﬁciency of vitamin K leads to decrease in
the functional forms of vitamin K dependent proteins that
can affect chondrocyte differentiation and endochondral
bone formation, a possible underlying mechanism of osteo-
phyte formation [12,13]. Thus, vitamin K deﬁciency may
play a potential role in the pathophysiology of OA [14].
Plain radiography has been used as the initial imaging
modality for assessment of OA; it is considered a helpful tool
for evaluation of narrowing of the joint space, osteophytes and
sclerosis [15]. But on the other hand, there are limitations in
direct visualization of the hyaline cartilage, menisci and
involvement of periarticular soft tissue. The changes detected
by plain radiography are not only speciﬁc to OA but may be
found also in asymptomatic elderly people [16].
Musculoskeletal ultrasound (MSUS) is now considered an
important imaging modality for assessment of various joint
pathologies as it has the ability for direct visualization of the
hyaline articular cartilage, menisci, synovial membrane, bursa
and the bone cortex [17]. In OA, it is used to demonstrate
many pathological changes that occur due to structural dam-
age and inﬂammation. Synovial inﬂammation appears in the
form of joint effusion and synovial hypertrophy and structural
damage appears in the form of cartilage lesions and osteo-
phytes [18]. So, MSUS is considered a cheap, non-invasive, fast
imaging modality that is ideal for early diagnosis and monitor-
ing of disease progression of OA especially in joints with wide
acoustic window such as the knee [19,20].This study aimed to assess plasma vitamin K1 (phylloqui-
none) concentrations in primary KOA patients and to corre-
late these levels with clinical parameters and radiological
progression of OA using plain radiography and MSUS.
2. Patients and methods
Forty patients with primary KOA, fulﬁlling the American
College of Rheumatology (ACR) criteria for the classiﬁcation
and reporting of OA of the knee [21] were recruited from the
in-patients and out–patients’ clinic of the Rheumatology and
Rehabilitation Department of Benha University Hospitals. 20
age and sex matched apparently healthy individuals from the
hospital personnel; medical and nursing staffs were also included
as a control group. Only patients with early OA, who fulﬁll the
following inclusion criteria [22] were incorporated in the study:
age between 35 and 65 years, pain on most days (i.e., at least
4 days in a week) in 1 or both knees for at least 4 months during
the preceding year, symptoms duration less than 5 years, grade
II or less OA radiographic stage in at least 1 knee as deﬁned
by Kellgren and Lawrence (K/L) grading scale [23]. We excluded
patients with primary late KOA (K/L scale > 2), patients with
secondary KOA and patients with conditions that affect vitamin
K status as coagulation disorders, liver diseases and patients
receiving oral anticoagulant medications. The local ethics com-
mittee of our institution (Benha University, Faculty of Medicine)
approved the study and all participants gave a written informed
consent before being enrolled in this study.
Patients’ evaluation included full history taking and
thorough physical examination, with particular focus on pain
evaluation using numerical rating scale of pain (NRSP) [24]
and recording of the disease duration and ongoing medica-
tions, the presence of effusion and range of motion assessment.
Body mass index (BMI) and Western Ontario and McMaster
Universities (WOMAC) composite index to assess pain and
disability [25] were assessed in all patients.
2.1. Radiological assessment
Plain radiographs of both knees, anteroposterior standing
view with 20 knee ﬂexion and skyline view for assessment of
patellofemoral compartment, were taken at baseline and after
12 months. Two radiographic methods were used for evalua-
tion: K/L criteria were used at baseline to categorize OA for
inclusion in the study and Thomas score [26] was used to
evaluate radiographic progression. We did not use K/L criteria
in assessment of radiographic progression as it takes 2 years at
least for progression from one K/L grade to a higher
grade. Thomas score was used for evaluation of medial, lateral
and patellofemoral compartments. Each compartment was
evaluated for degree of narrowing of the joint space, osteo-
phyte formation subchondral sclerosis and bone cysts. Each
item is graded from 0 to 3 and then the score of each compart-
ment is calculated by the summation of the score of the 4 items
on the right and left sides followed by calculation of the total
score by summation of the score of the 3 compartments.
2.2. Musculoskeletal ultrasound
A commercially available Logiq e real-time scanner (General
Electric Medical Systems, Milwaukee, Wisconsin, USA) was
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frequency (8–13 MHz) linear transducer. Grayscale examina-
tion of the femoral articular cartilage was performed according
to Saarakkala et al. [27] with the subject in the supine position
and the knee fully ﬂexed. The transducer should be placed
transversely on the intercondylar notch area just above the
patella for measurement and evaluation of hyaline cartilage
in intercondylar (sulcus) area, medial and lateral femoral con-
dyles area, and then the following OA ultrasonic grades are
given: Grade 0: anechoic band with sharp hyperechoic carti-
lage interfaces. Grade 1: loss of cartilage interfaces sharpness
and/or increased cartilage echogenicity and this represents
mild degenerative changes. Grade 2A (Moderate degenerative
changes): in addition to the previous changes, less than 50%
thinning of the hyaline cartilage was found and this represents
moderate degenerative changes. Grade 2B: degenerative
changes were as follows: cartilage thinning was found to be
more than 50% and less than 100%. Grade 3: loss of 100%
of cartilage thickness and this represents severe degenerative
change. Then, Medial and lateral longitudinal scans were per-
formed with the patient in supine position with the knee in
extension or slight ﬂexion (20–30) to detect excess ﬂuid collec-
tion and/or osteophytes.
The evaluation of plain radiography and ultrasound exam-
ination was performed by 2 observers and one of the observers
was blinded to the condition of the patients and radiological
progression was considered if there is an increase in Thomas
score or US transition to higher grade at the 12 months
follow-up period as compared to baseline score.2.3. Measurement of plasma levels of vitamin K1
(Phylloquinone)
Plasma was collected at baseline evaluation after 10 h fasting
from KOA patients and controls in heparinized tubes and
stored at 80 C until analysis. Assay of sPD-1 was made by
the enzyme linked immunosorbent assay (ELISA) technique
using the kit supplied from (SunRed, Shanghai, China)
Human Vitamin K1 (VK1) ELISA Kit Cat. No: 201–12-
1115. The assay procedures were followed according to the
manufacturer’s instructions. The detection range is 0.1–
20 ng/ml which is equivalent to 0.22–44.4 nmol/l. Deﬁciency
of vitamin K1 is considered if vitamin K1 level is below
0.5 nmol/l as normal vitamin K plasma levels range between
0.5 nmol/l and 2.5 nmol/l [28].Table 1 Comparison between knee osteoarthritis (KOA) patients an
plasma levels at baseline evaluation.
Variable mean ± SD (range) or n (%) KOA patients (n=
Sex F:M 36:4 (90:10)
Age (years) 50.4 ± 4.9 (41–60
BMI 29.04 ± 3.6 (23.4–
Obese (BMIP 30) 14 (35)
Disease duration (mo) 12.7 ± 5.7 (5–24)
Baseline Vit. K (nmol/l) 1.6 ± 0.9 (0.25–3.
Deﬁcient* 11 (27.5)
Suﬃcient 29 (72.5)
KOA: knee osteoarthritis, F:M: Female:Male, BMI: body mass index.
* Deﬁned based upon plasma phylloquinone concentrations 6 0.5 nmo2.4. Statistical analysis
The statistical analysis was conducted using Statistical
Package of Social Sciences (SPSS) 16.0 for Windows (SPSS,
Inc., Chicago, IL, USA). The collected data were summarized
in terms of mean ± standard deviation (SD) for quantitative
data and frequency and percentage for qualitative data.
Chi-square test (v2) and Fisher’s Exact Test (FET) were used
to compare frequencies as appropriate. Student t-test was used
to detect mean differences between two groups regarding
quantitative data. The Risk Ratio (RR) for radiological pro-
gression of OA among patients with deﬁcient and sufﬁcient
vitamin K was estimated. Receiver Operating Curve (ROC)
analysis was carried out to evaluate the diagnostic perfor-
mance of vitamin K levels for OA progression. The best cutoff
point and the corresponding sensitivity and speciﬁcity and
Area under the Curve (AUC) were estimated. Pearson correla-
tion coefﬁcient was used. Statistical signiﬁcance was accepted
at p value < 0.05.
3. Results
Forty KOA patients with a mean age of 50.4 ± 4.9 years and
20 matched control were included in the study. The mean
disease duration in KOA patients was 12.7 ± 5.7 months
being comparable between vitamin K deﬁcient and sufﬁcient
patients (14.5 ± 5.7 and 11.8 ± 5.4 months respectively).
Patients’ clinical and laboratory features at baseline are shown
in Table 1. Physical ﬁndings of knee examination and the
ultrasound ﬁndings at baseline and after 12 months in vitamin
K deﬁcient and sufﬁcient KOA patients are shown in Table 2.
Fig. 1 shows loss of the normal sharpness of the knee
suprapatellar cartilage interfaces and increased echogenicity
(grade 1) assessed by MSUS.
Radiological evaluation at baseline and after 12 months
(Table 3) showed a signiﬁcant increase in the medial compart-
ment and total Thomas score after 12 months in vitamin K
deﬁcient KOA patients (Baseline: 3.4 ± 1.6 and 5.7 ± 2.3;
after 12 months: 4.9 ± 2.6 and 8.3 ± 4.5, respectively).
Baseline US examination showed a signiﬁcantly decreased
medial condyle cartilage thickness in the vitamin K deﬁcient
KOA patients compared to the vitamin K sufﬁcient patients
(p< 0.05). There was a signiﬁcant decrease in medial condyle,
lateral condyle and sulcus cartilage thickness in vitamin K
deﬁcient KOA patients while in sufﬁcient vitamin K patients,d controls as regards demographic characteristics and vitamin K
40) Controls (n= 20) p
17:3 (85:15) 0.68
) 48.9 ± 4.6 (42–58) 0.26
36) 24.3 ± 1.3 (21.3–27.1) <0.001
0 (0)
– –
1) 2.04 ± 0.7 (0.3–2.9) 0.038
1 (5) 0.047
19 (95)
l/l, bold values are signiﬁcant at p< 0.05.
Table 2 Physical ﬁndings in knee examination and ultrasound grading and ﬁndings at baseline evaluation and after 12 months in
KOA patients in relation to deﬁcient and sufﬁcient vitamin K levels.
KOA patients (n= 40) mean ± SD (range) or n (%) Vitamin K: deﬁcient (n= 11), suﬃcient (n= 29)
Baseline After 12 month
Deﬁcient Suﬃcient Deﬁcient Suﬃcient
(22 knees) (58 knees) (22 knees) (58 knees)
Knee examination
Swelling No 19 (86.4) 52 (89.7) 16 (72.7) 51 (87.9)
Mild 3 (13.6) 6 (10.4) 4 (18.2) 4 (6. 9)
Moderate 0 (0) 0 (0) 2 (9.1) 3 (5.2)
P 0.7 0.2
Stiﬀness (min) 3.04 ± 1.9 3.03 ± 2.2 5.2 ± 3.1 3.95 ± 3.1
(0–7) (0–8) (0–12) (0–12)
P 0.98 0.12
Crepitus 1 (4.6) 1 (1.7) 7 (31.8) 8 (13.8)
P 0.48 0.1
NRSP 2.4 ± 0.5 2.3 ± 0.6 5.1 ± 0.7 3.3 ± 1.5
(2–3) (1–4) (4–6) (1–6)
P 0.8 <0.001
WOMAC 22.6 ± 2.3 17.8 ± 4.4 28.2 ± 3.6 19.9 ± 5.9
(19–26) (11–27) (21–34) (12–33)
P 0.001 <0.001
Knee ultrasound
US grading 0 5 (22.7) 13 (22.4) 2 (9.1) 12 (20.7)
1 14 (63.6) 36 (62.1) 6 (27.3) 28 (48.3)
2A 3 (13.6) 9 (15.5) 10 (45.5) 10 (17.2)
2B 0 (0) 0 (0) 4 (18.2) 8 (13.8)
P >0.05 <0.05
Osteophytes 7 (31.8) 10 (17.2) 10 (45.5) 12 (20.7)
P 0.2 0.047
Eﬀusion 6 (27.3) 5 (8.6) 5 (22.7) 6 (10.3)
P 0.06 0.16
KOA: knee osteoarthritis; NRSP: numerical rating scale of pain; WOMAC: Western Ontario McMaster scale. Bold values are signiﬁcant at
p< 0.05.
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(Table 3). There was no signiﬁcant difference in the percentage
of knees showing radiological progression after 12 monthsFigure 1 Suprapatellar transverse ultrasound scan in a 42-year-
old male KOA patient showing the measurement of femoral
hyaline cartilage: (1) at medial femoral condyle; (2) at sulcus area;
(3) at lateral femoral condyle. There is loss of the normal
sharpness of cartilage interfaces and increased echogenicity of the
cartilage (grade 1).between vitamin K deﬁcient and sufﬁcient KOA patients
assessed by Thomas score. There was a signiﬁcantly increased
radiological progression in those with deﬁcient (68.2%) com-
pared to those with sufﬁcient vitamin K assessed by ultrasound
after 12 months. There was a twofold increased risk of radio-
logical progression (RR 2.08, 95% CI, 1.30–3.32) after adjust-
ing for age, sex and BMI (Table 3).
The best cutoff of vitamin K for radiological progression by
plain radiography was 1.74 nmol/l (sensitivity: 54.6%; speci-
ﬁcity: 58.6%) and area under the curve (AUC) of 0.57 at the
95%CI (Fig. 2A), while the best cutoff by US was
1.28 nmol/l (sensitivity: 72%; speciﬁcity: 53.3%) and AUC of
0.72 at the 95% CI (Fig. 2B).
Plasma vitamin K1 levels showed a signiﬁcant correlation
with the medial condyle cartilage thickness at baseline
(r= 0.46, p< 0.05) (Fig. 3). There was no other signiﬁcant
correlation between vitamin K1 plasma levels and other dis-
ease parameters.
4. Discussion
Vitamin K assessment appears to be a relatively difﬁcult issue
compared with most of other micronutrients as it is a group of
structurally related molecules rather than a single molecule;
however, in humans, vitamin K1 is considered the main source
of vitamin K activity [29]. Vitamin K, in its reduced form, acts
Table 3 Comparison between vitamin K deﬁcient and sufﬁcient KOA patients as regards plain radiography using Thomas score and
femoral cartilage thickness measured with US at baseline evaluation and after 12 months and regarding radiological progression.
Variable mean ± SD or n (%) Vitamin level in KOA patients (n= 40)
Deﬁcient* (n= 11) Suﬃcient (n= 29)
Thomas score Compartment
Medial Baseline 3.4 ± 1.6 3.96 ± 1.8
After 12 mo 4.9 ± 2.6 4.1 ± 1.8
p 0.009 0.1
Lateral Baseline 1.6 ± 0.9 2.1 ± 1.5
After 12 mo 2.2 ± 1.4 2.3 ± 1.5
p 0.17 0.06
Patellofemoral Baseline 0.7 ± 0.5 0.9 ± 0.8
After 12 mo 1.2 ± 0.9 1.03 ± 0.9
P 0.05 0.08
Total score Baseline 5.7 ± 2.3 7.03 ± 3.6
After 12 mo 8.3 ± 4.5 7.3 ± 3.6
P 0.01 0.06
Radiological progression 3 (13.6) 5 (8.6)
p (RR;95% CI) 0.68 (1.58; 0.4–6.1)
Ultrasound Cartilage thickness (cm)
Medial Condyle Baseline 0.22 ± 0.017 0.23 ± 0.016
After 12 mo 0.19 ± 0.03 0.22 ± 0.02
P <0.001 0.005
Lateral condyle Baseline 0.255 ± 0.009 0.252 ± 0.01
After 12 mo 0.251 ± 0.01 0.251 ± 0.01
P 0.03 0.16
Sulcus Baseline 0.245 ± 0.01 0.238 ± 0.01
After 12 mo 0.242 ± 0.01 0.237 ± 0.01
P 0.04 0.08
Radiological progression 15 (68.2) 19 (32.8)
p (RR;95% CI) 0.004 (2.1; 1.3–3.3)
KOA: knee osteoarthritis.
* Deﬁned based upon plasma phylloquinone concentrations 6 0.5 nmol/l, bold values are signiﬁcant at p< 0.05.
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boxylates glutamic acid residues in vitamin K–dependent pro-
teins [30]. c-Carboxylation of Gla proteins enables them to
bind calcium, ensuring Gla domain proper folding and assists
binding to cell membranes [31,32].
It is well established that the usage of warfarin, a vitamin
K-antagonist anticoagulant, in early pregnancy can cause war-
farin embryopathy manifested by atypical calciﬁcation and
decreased cartilage growth [33]. It has been suggested that vita-
min K deﬁciency possibly contributes to the pathogenesis and
progression of OA especially as it has many effects on articular
hyaline cartilage and subchondral bone that may have a poten-
tial role in pathological changes as chondrocyte hypertrophy
and endochondral ossiﬁcation [34–36] Contrarily, in another
study it has been demonstrated that vitamin K supplementa-
tion did not have a beneﬁcial effect on OA patients [14].
In the present study, 27.5% of the KOA patients were vita-
min K deﬁcient at baseline compared to 5% of healthy con-
trols and the mean plasma vitamin K1 levels was
signiﬁcantly decreased. These results conﬁrmed those of Neogi
et al. [37], who found an association between increased preva-
lence of OA and low plasma vitamin K (phylloquinone) below
1 nmol/l. McCann and Ames [29] suggested a mechanism
called the triage principle that states that, at time of decreased
intake, a transport system ensures supply of trace elements and
vitamins mainly to the sites of more vital function which is theliver in case of vitamin K to decrease the risk of bleeding. So
only when vitamin K is sufﬁcient in the liver, extra-hepatic
transportation of vitamin K can occur. It is expected that vita-
min K dependent proteins at extra-hepatic sites to be the ﬁrst
affected by suboptimal intake of vitamin K and McCann and
Ames concluded that prolonged vitamin deﬁciencies can con-
tribute to the pathophysiology of age-related disorders.
In the current study, KOA patients with vitamin K deﬁ-
ciency had an increased risk of radiological progression as
assessed by X-ray and ultrasound as compared to patients with
sufﬁcient vitamin K plasma levels. Shea et al. [38] found OA
patients who were vitamin K deﬁcient to be more susceptible
to articular cartilage and menisci damage after 36 months
follow-up and suggested that vitamin K determines carboxyla-
tion but not expression of vitamin K dependent proteins. Vita-
min K insufﬁciency can impair the function of many vitamin
K-dependent proteins that may contribute to the pathogenesis
of OA through many possible mechanisms. One possible
mechanism is the impaired chondrocyte viability due to
decreased Gas-6 functional activation [39]. Also, deﬁciency
of MGP, a vitamin K dependent protein that inhibits ectopic
calciﬁcation, can produce calciﬁcation of growth end plate in
a process that can be similar to that of osteophyte formation.
Furthermore, MGP binds to bone morphogenetic protein 2
leading to inhibition of chondrogenesis [38]. Wallin et al. [40]
found OA chondrocytes to produce functionally inactive
Figure 2 Receiver operating characteristic (ROC) curve assessing the validity of the vitamin K in prediction of OA radiological































Figure 3 Correlation between vitamin K and medial condyle
cartilage thickness in KOA patients.
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boxylated MGP and this was attributed to decreased c-
carboxylase activity in OA chondrocytes that was ﬁve-times
less than its activity in OA chondrocytes.
In contrast to our results, in the study by Neogi et al. [14] it
has been found that vitamin K supplementation for 3 years did
not give overall added beneﬁt to patients with hand OA; how-
ever, they found OA patients, who were vitamin K deﬁcient at
baseline and became sufﬁcient at follow-up, to have 47%
decrease in joint space narrowing. They attributed this discrep-
ancy to the relative small percentage (33%) of baseline vitamin
K deﬁcient OA patients and thus one would not anticipate an
effect over the overall study participants.
In our study the difference in radiological progression
between vitamin K deﬁcient and sufﬁcient OA patients was
more evident when assessment was performed with MSUS
rather than plain radiography. This can be explained as MSUS
is more sensitive than plain radiography in early detection of
early degenerative changes due to its ability of direct visualiza-
tion of the hyaline cartilage. Saarakkala et al. [27] found a sig-
niﬁcant correlation between pathological cartilage ﬁnding in
US of the knee and arthroscopic degenerative cartilagechanges and suggested that MSUS can predict severity of
degenerative changes of hyaline cartilage especially in the med-
ial femoral condyle and sulcus area. Previous studies investi-
gated the relation between deﬁciency of vitamin K and
radiological features of OA and other studies evaluated the
effect of vitamin K supplementation on OA progression. Only
2 previous studies have longitudinally assessed the relationship
between vitamin K and radiological progression of OA [28,39].
A limitation of our results lies in the small number of
patients included in the study. Another limitation is the rela-
tively short duration of the follow-up period. Further longitu-
dinal studies are recommended with a larger number of
patients to deﬁne the exact role of vitamin K in the occurrence
and progression of OA and to establish whether vitamin K
supplementation could be a useful treatment option for
osteoarthritis.
In conclusion, Knee osteoarthritis patients have signiﬁ-
cantly decreased plasma levels of vitamin K that was remark-
ably associated with radiological progression of early disease
suggesting that it could be a useful marker to reﬂect OA sever-
ity and implies a possible role in the pathogenesis of OA. US is
more sensitive than plain radiography in the detection of
degenerative cartilage abnormality of KOA patients.
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